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Abstract: The NEW GIFT Nile tilapia (Oreochromis niloticus niloticus L.) is a nationally certificated new strain 
selected over 14 years and 9 generations from the base strain of GIFT Nile tilapia, introduced in 1994. This new variety 
has been extended in most of areas of China. The management of genetically improved strains, including the genetic 
markers for identification is needed urgently. RAPD analysis was conducted and their conversion to SCAR markers was 
developed. From NEW GIFT Nile tilapia, two strain-specific RAPD bands, S304  ™ and S36% ™ were identified. The 
strain-specific RAPD bands were gel-purified, cloned, and sequenced. Locus-specific primers were then designed to 
amplify the strain-specific bands. PCR amplification was conducted to test the variations in allele frequencies of two 
converted SCAR markers among the NEW GIFT Nile tilapia and its base strains, as well as 7 additional farmed strains 
worldwide. The frequency of SCAR marker I (553 bp) was 85.7% in NEW GIFT Nile tilapia, but 16.7% in the base strain. 
The frequency of SCAR marker II (558 bp) was 91.4% in NEW GIFT Nile tilapia, but 0% — 70% in the 7 other strains. In 
order to confirm the utility of these two markers, an examination was conducted for a wild population from Egypt, 
resulted the frequency of SCAR I and II was 10% and 70%, respectively, much lower than that of New GIFT strain. The 
increase in allele frequency of these two SCAR markers suggests that these markers might be genetically linked to the 
quantitative trait loci (QTL) underlining the performance traits by long term selection, and indicate the bright potential of 
SCAR marker technology for tracking generations during selection progress and for distinguishing among genetically 
improved strain and other strains. 
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WE: “OO (NEW GIFT) Je S BRA ELA 1994 SE S| RENN “TE (GIFT) ih BIE YB 
14 E 9 RABE ARS TA, Zt CREK eA RA, CEE, SE IN TARERE 
KENZI mP KEFE EE. AMRA BLP RATE T RAPD Jyh, AARE ER RAPD brid Feb ne 
TRGEN SCAR brid. kDa RAIN RAPD 4) #7, BRET PS ah REE ER RAPD ARF (S304 PP Ail 
S38). AEE PEND RAPD AHP ETT TBST. GORE AAR SUM Ke. A WARE TE T ARRETE 
WHAT HAIDA REAR EE SCAR brid 1 AIL)» AAAA SCAR Pid fe“ Bw”. “EE BVP RE 
Ah 7 SFE th APY BU. SCAR brid 1 (553 bp) ZEST TE E RAP IY) HY UTR 85.7%, TEE 
PS EM HURL 16.7%; SCAR brid Il (558 bp) ÆA AEE EY HY UR SB 91.4%, {ALE 
He 7 SFG m AE AY HE ULE ME 0% ~70% Z Tilo NEI Me SEE, BOE TP Sid FE MRR 
BIER ERPE, AHL SCAR PRE I A SCAR Frid ILA RAS) IY 10% FI 70%, at Er 
T E RPAH RERA. RPS SCAR Pei TET Be” BPAY ys, TH TT he EKEREN 
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The Genetically Improved Farmed Tilapia (GIFT) 
Nile tilapia (Oreochromis niloticus) (Eknath et al, 1993; 
Gupta & Acosta, 2004), bred by the International Center 
for Living Aquatic Resources Management (ICLARM; 
now the WorldFish Center) and its partners, was 
introduced into China by Shanghai Fisheries University 
(now Shanghai Ocean University) in 1994. A series of 
evaluation studies in China from 1994 to 1996 indicated 
that the GIFT exhibited higher growth 
performance and seinability than previously introduced 
Nile tilapia strains/lines (Li et al, 1998; Li et al, 1999). 
Therefore, the GIFT strain has been certified and 
promoted by the Agriculture Ministry of China (Li & Li, 
2001). However, because the introduced GIFT tilapia 
was only the third generation in 1994 produced by 


strain 


cross-breeding, genetic stability had not yet been 
achieved, leaving opportunity for further selection. Since 
1996, the “Genetic Selection of Nile Tilapia” project was 
carried out in the 9" (1996 — 2000), 10" (2001 — 2005) 
and 11" (2006 — 2010) National Five-Year Programs, 
using the GIFT strain of Nile tilapia as a base strain 
(termed Fo, although it was the 3rd generation selected 
from the Philippines in 1994). The purpose was to 
further improve the aquaculture performance of GIFT 
Nile tilapia. Compared to the base strain, the major 
improvements of F8 and F9 generations were increased 
growth by 30%, increased fillet ratio by 5% — 8%, 
improved stripe pattern on the caudal fin, and higher 
genetic purity (Hu et al, 2005; Li et al, 2006; Xie, 2006). 
It was certified as a super strain by the National 
Certification Committee of Wild and Bred Varieties in 
January 2006, renamed as NEW GIFT Nile tilapia, and 
extended by the Ministry of Agriculture and quickly 
became the principal strain of tilapia cultured in China. 
The sequence characterized amplified region 
(SCAR) marker is one of the stable markers generally 
derived from random amplified polymorphic DNA 
(RAPD), or amplified fragment length polymorphism 
(AFLP) markers (Liu, 2007a; 2007b). The basic principle 
is to convert the dominant markers into co-dominant 
markers to reduce the tedious procedures of RAPD or 
AFLP analysis. With SCAR markers, analysis is reduced 
to a simple PCR analysis using PCR primers designed 
from the sequences of the amplicon of RAPD or AFLP. 


SCRAIRARAR: A 
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Because of its simplicity and low cost, SCAR markers 
have been widely applied to the identification of aquatic 
animal germplasm (Liu & Cordes, 2004; Zhou et al, 
2001; Iturra et al, 2001; Klinbunga et al, 2004; Araneda 
et al, 2005; Zou et al, 2005). The objective of this study 
was to develop molecular markers for the NEW GIFT 
tilapia. Here we report the development of two 
RAPD-SCAR markers associated with genetically 
improved NEW GIFT Nile tilapia and their application 
for identifying various strains of Nile tilapia and tracking 
of genetic changes over long-term selection. 


1 Materials and Methods 


1.1 Fish samples 

A total of 65 fish samples including 35 samples of 
NEW GIFT Nile tilapia Fio (NG) and 30 samples of 
GIFT Nile tilapia Fo (GN; the base strain) were collected 
from the Nanhui Fish Breeding Station of Shanghai 
Ocean University and the National Tilapia Seed Farm 
Qingdao. In addition, 20 samples were collected from 
each of 7 farmed strains of Nile tilapia from different 
tilapia farms in China [Hainan Genoma tilapia company 
(HG), Xiamen Luye tilapia farm (XL), Guangxi Fisheries 
Research Institute (GF), Guangdong Weiye tilapia farm 
(WY), and Guangdong Zhuhai tilapia farm (ZH)], and 
Hungary [Egypt strain (ET) and Thailand strain (TL) in 
Sjarvas tilapia farm]. Thirty samples of wild Nile tilapia 
were also collected from the Egyptian Aquaculture 
Center (Cairo, Egypt) for verification of our developed 
SCAR markers. 

A small piece of caudal-fin from each individual 
was clipped and stored in 95% ethanol until DNA 
extraction. A total of 130 10-nucleotide random primers 
were synthesized (Sangon, Shanghai). 

1.2 Genomic DNA extraction 

Genomic DNA was extracted using a phenol- 
chloroform procedure (Sambrook & Russell, 2001). 

1.3 RAPD analysis and PCR conditions 

PCR mixtures (25 uL) contained 2.5 uL 10xPCR 
buffer (100 mmol/L Tris-HCl, pH 9.5, 500 mmol/L KCI, 
30 mmol/L MgCl, and 0.001% gelatin), 2 uL dNTP 
mixture (0.2 mmol/L each of dATP, dCTP, dGTP, and 
dTTP), 2 uL RAPD primer (0.2 umol/L), 2 uL template 
DNA (50 — 150 ng), 0.5 uL Taq DNA polymerase (1.25 
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U), and 16 uL distilled water. PCR amplification was 
performed in an Eppendorf Mastercycler programmed 
for initial denaturation at 94°C for 5 min, 45 cycles of 
denaturation at 94°C for 45 s, annealing at 36°C for 45 s, 
extension at 72°C for 1 min 30 s, and a final extension at 
72°C for 5 min. Reaction tubes were held at 4°C prior to 
visualization of PCR products in a 1.5% agarose gel 
stained with ethidium bromide. Each RAPD assay was 
performed three times to ensure reproducibility. 
1.4 Cloning and sequencing of strain-specific RAPD 

amplicons 

All strain-specific RAPD amplicons were excised 
from agarose gels, and the DNA fragment was recovered 
using a 3S Spin PCR Product Purification Kit (Biocolor 
Inc., China) following the manufacturer’s protocol. An 
aliquot of the recovered DNA fragment was reamplified 
using the corresponding primer to verify that only a 
single band was excised. The recovered DNA fragment 
was then ligated into the pGEM-T Easy Vector 
(Promega). Then, DH5a competent cells (TIANGEN) 
were transformed with ligated DNA following the 
manufacturer’s protocol. In order to detect cloning 
success, three white colonies were selected from each 
plate and were screened by PCR using the T7 and Sp6 
primers. The cloned fragments were sequenced on an 
Applied Biosystems ABI 3 730 capillary sequencer. 
1.5 SCAR analysis 

The nucleotide sequence of each of the cloned 
RAPD fragments was used to design pairs of SCAR 
primers(Tab. 1). PCR mixtures (25 uL) contained 2.5 uL 
10xPCR buffer (100 mmol/L Tris-HCl, pH 9.5, 500 
mmol/L KCl, 30 mmol/L MgCh, and 0.001% gelatin), 2 
uL dNTP mixture (0.2 mmol/L each of dATP, dCTP, 
dGTP, and dTTP), 1 uL of forward primer (0.2 umol/L), 
1 uL of reverse primer (0.2 mol/L), 2 uLtemplate DNA 
(50 -150 ng), 0.5 uL Taq DNA polymerase (1.25 U), 
and 16 uL distilled water. The amplification profile was 
for 5 min of initial denaturation at 94°C, 35 cycles of 


denaturation at 94°C for 30 s, annealing at 57°C for 45 s, 
extension at 72°C for 1 min, and a final extension at 72 
C for 10 min. Reaction tubes were held at 4°C prior to 
visualization of PCR products in a 1.5% agarose gel 
stained with ethidium bromide. 
1.6 Verification 

Thirty samples of wild Egypt Nile tilapia were 
tested for verification of the developed SCAR markers. 


2 Results 


2.1 SCARI 

2.1.1 RAPD amplification results RAPD analysis 
was performed on 10 genomic DNA samples of selected 
strains and base strains by using fifty 10-nucleotide 
random primers. Of these 50 primers, 23 showed both 
stable amplification and polymorphism. There was only 
one specific band between the two groups, S304% ™; this 
fragment served as a specific marker distinguishing the 
selected strain from the base strain. The 624 bp band 
amplified by S304 primer is shown in Fig. 1. 

2.1.2 Development of SCAR markers The 83407" bp 
fragment was recovered, cloned and sequenced. The 
sequence of the Sioa bp fragment is shown in Fig. 2. 
Both the 20 bp forward primer and 21 bp reverse primer 
were designed according to the Saet bp sequence 
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Fig. 1 The amplification results of primer S304 
(CCGCTACCGA) in NEW GIFT strain and base strain 
1-10: base strain (Fo); 11-20: NEW GIFT (Fio); M: 100 bp DNA 
ladder. 


Tab. 1 Primer sequence, annealing temperature and size of PCR band of SCAR markers I and II 














RAPD RAPD marker SCAR primer sequence Annealing temperature Size of PCR band 
primer (bp) CC) (bp) 
SCAR I 
S304 624 5’ -GGTGCCTTTTGAATGAGCTA-3' 57 553 
5’ -TGAGATACTGCTACAGCGTGA-3’ 
SCAR II 
S36 568 5’ - TGGATGGATGGATTGATGGA -3' 57 558 


5' - AGCCAGCGAACCAAGATCTAT -3' 
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GTG TAAAGCCTGGGGTGCCTTTTGAATG AG CT AACTCACATTAATT GCGTT 
GCGCTCCCTCAG CCCGCTT TCTAG CAGG GAAACCT GT CG TG CCAGCTG CAT 
TAATGAATCG GCCAACGCGCCAGG GG AG AG GCGGTT TGCGTAT TGG GCGC 
TCTTCCGCTTCCTCGCTCACT GACTCGCTG CG CACTCGG TCGTTCGGCT GC 
GG CGAGCGGTATC AGCTCACTCAAAGG CGG TAATACG GT TAT CCACACAG 
AAT CAGG GG AT AACG CAGG AA AG AACATG TG AGCAAA AG GCCAGCAAAA 
GG CCAGCAG AACCGT AAAA AG GCCGCGTTG CT GG CG TTTTTCCATAG GCT 
CCG CCCCCCT GACG AG CACAT CACAAAAATCGACG CTCAAGT CAGAGGTG 
GCGAAACCCGACAGG ACTATAAAG AT ACCACAGG CG TT TCCCCCTGGAAG 
CTCCCTCGTGCGCTCTCCTGTTCCG ACC CT GCCGCTTACCGGCAATACCTG 
TCCG CCTTTCTCCCTTCGGGAAG CGTG GCGCTTTCTCAT AGCICACGCTGT 
AGCAGTATCTCAGTTCGGTGTAG GT CGTTCG CT CCAAG CTGG GCTGTGTGC 


ACG AACCCCCCGTTCAG CC 


Fig. 2 Base sequence of the S304 ™ band 


The underlined bases show SCAR primer sequence. 


(Tab. 1). Due to the GC content in the primer, the 
location of the primer was not at both ends of the 
fragment, but located slightly closer to the center of the 
fragment. 

Both samples of the selected strain and base strain 
were screened with the specific primer. A 553 bp band 
was produced (Fig. 3 and Fig. 4). The frequency of this 
553 bp SCAR marker in selected strains reached 
85.7%(Fig. 3), while the frequency in the base strain was 
only 16.7%(Fig. 4). The high frequency of the 553 bp 
marker can be the criterion for distinguishing NEW 
GIFT Nile tilapia. 

2.2 SCARI 


2.2.1 RAPD amplification results RAPD analysis 
was performed on 10 genomic DNA samples of the 
NEW GIFT strain and the remaining 7 farmed strains by 
using eighty 10-nucleotide random primers. Of these 80 
primers, 20 showed both stable amplification and 
polymorphism. There was only one specific band 
between the two groups, S28 bp, this fragment served as 
a specific marker distinguishing the NEW GIFT strain 
from other strains. The 568 bp band amplified by S36 
primer is shown in Fig. 5. 

2.2.2 Development of SCAR markers The 836° bp 
fragment was recovered, cloned and sequenced. The 
sequence of the S36% ™® fragment is shown in Fig. 6. 
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Fig. 3 SCAR band from S394°74 P marker in NEW GIFT strain(F 10) 
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Fig.4 SCAR band from S304% >? marker in base strain (Fo) 
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Fig.5 The amplification results of primer S36 (AGCCAGCGAA) in NEW GIFT strain and 7 other 
farmed strains of Nile tilapia 


1 —7: NEW GIFT; 8-10: HG; 11 — 13: XL; 14 —16: GF; 17 — 19: ET; 20-22: TL; 23-25: WY; 26 — 28: ZH; M: 500 bp DNA ladder. 


AGCCAGCGAATGGATGGATGGATTGATGGATTTATTTTCGTTTTTTCTGCA 
GTATATAAAAATTGGTGTATCTCAAAAATAAAACTATGAAGACACTCAAA 
ATAAATTTCCTGTTGTTGTAAACTATTTTTTGCAACTTTTCTATATTTAAAG 
TTITAT ATCTTAAATT TITCTAAGTAGAAATAT ATGTAAAAAAAAAAAAAA 
AAAG AAAAGATTTTCAATTTTTITGTAGTTTATT GCACTTTTTTGCAATTTA 
TGT AGTTACTATGGACTTAATG CATACATAT TATTAAACTTTGGGCTATAA 
CAGTT GTATTGATTTATAGTTGAAATG CT CCCAAAAAT GG CACTACAG CAT 
GTAAAAATATAAAGT AAG CTTGGTTCTATG GT AGGTCTTAAAG GGTTAAA 
AAG AT AAATGG CT TCTCAGTAG ACCCTCTG CT CAG ATGCCTT GATGAAAT 
AAG TG CCTGGATGGCTTTGAACT TITTTACATTT TAATG AG CAGA AA ACAG 
AAGTGATAGTTTTTGGTGGCG CT TCTGAG ACCACTTCT ATAGATCTTG GTT 


CGCTGGcT 


Fig. 6 Base sequence of the S368 band 
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The underlined bases are the SCAR primer sequence. 


Both the 20 bp forward primer and 21 bp reverse primer 
were designed according to the S36 ™ sequence (Tab. 
1). Due to the GC content in the primer, the location of 
the primer was not at both ends of the fragment, but 
located slightly closer to the center of the fragment. 
Thirty five samples of the NEW GIFT strain and 20 
samples of each of the 7 farmed strains were screened 
with the specific primer. A 558 bp band was produced in 


these two groups. The appearing frequency of this 558 
bp SCAR marker in NEW GIFT was 91.4% (Fig.7), 
while the frequency in the 7 farmed strains was 70% 
(ET), 65% (HG), 60% (TL), 55% (WY), 35% (XL), 30% 
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(ZH)(Fig. 8), and 0% (GF). The extremely high 
frequency of the 558 bp marker in NEW GIFT can be 
used as a criterion for identification of NEW GIFT Nile 
tilapia. 
2.3 A case of application 

We checked 30 samples of a wild Egyptian 
population of the Nile tilapia which resulted in a 
frequency of 10% by SCAR I and 70% by SCAR JI, 
which were very coincident with the 70% in the Egypt 
strain (ET). This provides evidence for the ability to 
discern NEW GIFT from other strains. 
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Fig.7 SCAR band from S36% ™ marker in NEW GIFT strain (F10) 
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Fig. 8 SCAR band from $3°°"? marker in farmed 
strain of ZH 


3 Discussion 


Through multi-generations of selection, economic 
traits could be improved and stabilized, and as a result, 
new strains could be established (Hines, 1976; Lou, 
1999). The improved traits could be attributed to natural 
factors and selection processes that might induce 
mutations, but the selection itself would not create new 
genes. However, selection might significantly change 
the allele frequencies which might cause the change of 
traits, then the favorable alleles for the traits could be 
selected. 

Breeding requires a long period of time, and how to 
track the phenotypic variation and genotypic variation of 
breeding groups is the key to successful breeding. The 
development of modern molecular genetic technology 
provides some effective measures for selective breeding. 
RFLP, RAPD, SSR and SCAR markers are commonly 
used molecular markers (Liu & Cordes, 2004). Among 
them, RAPD needs less DNA template and is relatively 
easy to operate, but is poor in reproducibility and 
stability, leading to restrictions in practical application. 
However, after converting RAPD markers into SCAR 
markers, the specificity and stability can be greatly 
improved, which makes it more convenient and efficient 
in the testing of different alleles. 

In this study, two RAPD-SCARs were developed 
for the NEW GIFT tilapia: firstly checked in the base 
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generations during selection process and for 
distinguishing among genetically improved strain and 
other strains. 

When we analyzed the genetic diversity of Fo, F7, Fs 
and Fy of selected GIFT strains, we found that there was 
a clear trend in genetic purification across generations. 
The genetic differentiation caused by nine generations of 
selection was minimal but could be monitored (Xie, 
2006). Also, the growth rate increased with selected 
generations, for example, an average of 4.85% from F6 
to F9. This indicates that the frequency of some alleles 
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the long-term selection process, which implies that there 
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genotype-phenotype associations suggest that the 
identified markers may be genetically linked to the 
quantitative trait loci (QTL) underlining the performance 


traits under selection. 
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